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SUMMARY 


An  investigation  was  made  to  determine  the  effects  of  vertical— tail 
size  and  length  and  of  fuselage  shape  and  length  on  the  lateral  static 
stability  characteristics  of  a  model  with  wing  and  vertical  tails  having 
the  quarter-chord  lines  swept  back  bS°.  The  results  indicate  that  the 
directional  instability  of  the  various  isolated  fuselages  was  about  two- 
thirds  as  large  as  that  predicted  by  classical  theory.  A  reduction  in 
area  of  vertical  tails  (geometric  aspect  ratio  kept  constant)  attached 
to  a  given  fuselage  resulted  in  an  increase  in  the  effective  aspect  ratio 
of  the  vertical  tail  for  the  range  of  tail  sizes  considered.  Simple 
analytical  considerations  indicate,  however,  that  for  tail  sizes  below 
the  range  investigated,  the  opposite  effect  would  be  expected. 

For  the  fuselage-tail  combinations  investigated,  the  tail  effec¬ 
tiveness  usually  decreased  with  increasing  angle  of  attack,  with  the 
greatest  rate  of  decrease  occurring  at  angles  of  attack  greater  than 
about  16°. 

The  wing-fuselage  interference  for  the  midwing  arrangements  inves¬ 
tigated  was  only  slightly  affected  by  the  shape  of  the  fuselage  and 
tended  to  increase  slightly  the  directional  stability  of  the  combination. 
The  interference  effects  of  the  wing  tended  to  decrease  the  vertical- 
tail  effectiveness,  particularly  at  high  angles  of  attack.  The  large 
effects  observed  were  attributed  to  a  partially  stalled  condition  of  the 
wing. 
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INTRODUCTION 


► 

Recent  advances  in  the  understanding  of  the  principles  of  high-speed 
flight  have  led  to  significant  changes  in  the  design  of  the  principal 
components  of  airplanes.  Two  of  the  more  important  changes  have  been  the 
incorporation  of  large  amounts  of  sweep  of  the  wing  and  tail  surfaces  and 
the  elevation  of  the  horizontal  tail  to  a  higher  position.  Much  informa¬ 
tion  is  available  on  the  Influence  of  the  wing,  fuselage,  and  tail  geome¬ 
try  on  the  static  stability  characteristics  of  the  more  conventional 
airplane  designs  (for  example,  references  1  and  2);  however,  little 
information  is  available  on  the  influence  of  the  various  airplane  com¬ 
ponents  on  the  characteristics  of  airplanes  having  wings  and  tail  sur¬ 
faces  with  large  amounts  of  sweep.  In  order  to  provide  such  information, 
a  series  of  investigations  is  being  conducted  in  the  Langley  stability 
tunnel  with  a  model  having  various  interchangeable  parts.  The  effects 
of  changes  in  the  size  and  location  of  the  horizontal  tail  on  the  low- 
speed  static  lateral  stability  characteristics  have  been  reported  in 
reference  3.  The  effects  on  the  static-lateral-stability  derivatives 
of  variations  of  vertical-tail  size  and  length  and  of  fuselage  shape  and 
length  are  presented  herein.  The  data  also  have  been  used  to  determine 
interference  effects  between  the  wing  and  fuselage  and  the  interference 
effects  of  the  wing-fuselage  combination  on  the  vertical-tail  effectiveness. 


SYMBOLS  AND  COEFFICIENTS 

► 


The  data  presented  herein  are  in  the  form  of  standard  NACA  coeffi¬ 
cients  of  forces  and  moments  which  are  referred  to  the  stability  axes, 
with  the  origin  at  the  projection  on  the  plane  of  symmetry  of  the 
quarter-chord  point  of  the  mean  aerodynamic  chord  or  at  the7  midpoint  of 
the  fuselage.  The  positive  directions  of  the  forces,  moments,  and 
angular  displacements  are  shown  in  figure  1.  The  coefficients  and 
symbols  are  defined  as  follows: 

A  aspect  ratio  (b^/S) 

b  span,  measured  perpendicular  to  fuselage  center  line, 

feet 

c  chord,  measured  parallel  to  plane  of  symmetry,  feet 

cr  root  chord,  feet 

c-j.  tip  chord,  feet 
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L  2  rV2  ?  i 

wing  mean  aerodynamic  chord,  feet  I  cy  =  —  /  dy 

V  sWJo  / 


fuselage  diameter  at  longitudinal  station  of  aerodynamic 
center  of  vertical  tail,  feet 

fuselage  length,  feet 

tail  length,  distance  from  origin  of  axis  1/2  to  c/k 
of  vertical  tail,  feet 


dynamic  pressure,  pounds  per  square  foot 


area,  square  feet 


(H 


projected  side  area  of  fuselage,  square  feet 
maximum  thickness  of  fuselage,  feet 
velocity",  feet  per  second 
volume  of  fuselage,  cubic  feet 

chordwise  distance  from  leading  edge  of  root  chord  to 
quarter-chord  point  of  any  chord,  feet 

chordwise  distance  from  leading  edge  of  root  chord  to 
quarter-chord  point  of  mean  aerodynamic  chord,  feet 

L  ,  fhwA  A 


cw  xw  dy 


spanwise  distance  measured  from  the  plane  of  symmetry, 
feet 

spanwise  distance  to  quarter  chord  of  mean  aerodynamic 

/_  2  f^/2  \ 

chord,  feet  /  =  g ~  J  cw  yw  dyj 

perpendicular  distance  from  fuselage  center  line  to 
aerodynamic  center  of  vertical  tail,  feet 


angle  of  attack,  degrees 


k 
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X 


taper  ratio 


'V'^N 

A 

P 

t 

CL 

CD 

CX 

CY 

cn 

Cl 


angle-of -attack  correction  factors  to  effectiveness  of 
vertical  tail  in  yaw 

angle  of  sweepback  of  quarter-chord  line,  degrees 
mass  density,  slugs  per  cubic  foot 
angle  of  yaw,  degrees 


lift  coefficient 


/  Lif  t\ 


drag  coefficient  / Dra^  j  ;  CD  =  -Cx  at  >|r  =  0° 

Wsw  / 

longitudinal-force  coefficient  /Longitudinal  force 

\  ^SW 

lateral-force  coefficient  / I^teral_force\ 

\  ^  ) 


pitching-moment  coefficient  /Pitchingjnoment^ 

\  C1SWCW  > 

yawing -moment  coefficient  /^nwing  momentN 

l  1 

rolling-moment  coefficient  / oiling ^momentN 

V  qswbw  / 
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c  = 

"t  l  d\)r  i  \|/=0° 


'd  (CL) 

=  ( — g — -)  qO>  w^ere  (^l)y  Ys  t>ase(i  on  vertical- tail  area 


A1GY^.’  A^C^,  (increments  of  coefficients  caused  by  wing-fuselage  inter- 
*1%  J  Terence;  that  is,  4lCY+  -  -  (cY+)w  -  (Cr+)F 

>  increments  of  coefficients  caused  by  wing-fuselage  inter- 
^  ^  L  ference  on  vertical-tail  effectiveness;  that  is, 

A2CY^  =  |"(C^)w+F+V  “  (GYt)w+Fj  “  [(CYt)F+V  “  (Cy|)f] 


Subscripts  and  abbreviations: 


wing 

vertical  tail;  used  with  subscripts  1  to  5  to  denote  the 
various  vertical  tails  (see  fig.  2) 

fuselage;  used  with  subscripts  1  to  £  to  denote  the 
various  fuselages  (see  fig.  3) 


slat 

effective 
side  area 


APPARATUS  AND  TESTS 


All  parts  of  the  models  used  in  this  investigation  were  constructed 
of  mahogany.  Sketches  of  the  parts  of  the  models  are  presented  as 
figures  2*  3,  and  1|.  The  various  vertical  tails  and  fuselages  will  be 
referred  to  henceforth  by  the  symbol  and  number  assigned  to  them  in 
figures  2  and  3.  All  vertical  tails  had  k%°  sweepback  of  the  quarter- 
chord  line*  taper  ratio  of  0.6*  and  NACA  65A008  profiles  (table  I)  in 
planes  parallel  to  the  fuselage  center  line.  The  ratios  of  tail  area  to 
wing  area  were  chosen  to  cover  a  range  representative  of  that  used  for 
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current  high-speed  airplane  configurations.  The  tails  were  mounted  on 
the  fuselages  so  that  the  tail  length  was  always  a  constant  percent  of 


the  fuselage  length  =  O.U2^. 


The  tail  length  was  varied  by  changing 


the  fuselage  length.  The  three  fuselages  (fineness  ratios  of  5.0,  6.67, 
and  10. 0)  of  circular-arc  profile  used  in  the  investigation  are  shown  in 
figure  3.  Two  additional  fuselages  having  the  same  fineness  ratio  as 
fuselage  2  '(fineness  ratio  of  6.6?)  were  used  to  determine  the  effects 
of  fuselage  nose  and  trailing-edge  modifications.  All  fuselages  had 
circular  cross  sections  and  all  had  the  same  maximum  thickness.  The 
coordinates  of  the  fuselages  are  given  in  table  II. 


The  wing  had  an  aspect  ratio  of  U.0,  taper  ratio  of  0.6,  sweepback 
of  1*5°  of  the  quarter-chord  line,  and  NACA  65A008  profiles  parallel  to 
the  plane  of  symmetry.  The  wing  was  mounted  on  the  fuselage  so  that  the 
quarter- chord  point  of  the  mean  aerodynamic  chord  coincided  with  the 
fuselage  mounting  point  (fig.  U).  A  summary  of  the  geometric  charac¬ 
teristics  of  the  various  model  components  is  given  in  table  III.  A  full- 
span  slat,  fitted  to  the  wing  for  some  tests  with  fuselage  F2,  had  a 
chord  which  was  8  percent  of  the  wing  chord.  (See  fig.  U.)  The  slat  was 

made  by  bending  a  strip  of  ^-inch- thick  aluminum  sheet  to  fit  the  con¬ 
tour  of  the  wing  leading  edge.  Photographs  of  some  of  the  model  con¬ 
figurations  are  presented  as  figure  5. 

Most  of  the  tests  of  this  investigation  were  conducted  in  the 
6-foot-diameter  rolling-flow  test  section  of  the  Langley  stability 
tunnel.  Tests  of  configurations  with  fuselages  and  F^  were  con¬ 

ducted  in  the  6-  by  6-foot  curved-flow  test  section  of  the  Langley 
stability  tunnel.  All  tests  were  made  at  a  dynamic  pressure  of 
2)4.9  pounds  per  square  foot,  which  corresponds  to  a  Mach  number  of  0.13 

and  a  Reynolds  number  of  0.71  x  106  based  on  the  wing  mean  aerodynamic 
chord.  The  angle  of  attack  of  the  model  was  varied  from  about  -h°  to 
approximately  32°  for  yaw  angles  of  0°  and  ±5°. 


r 


* 


CORRECTIONS 


The  angle  of  attack,  longitudinal-force  coefficient,  and  rolling- 
moment  coefficient  have  been  corrected  for  jet-boundary  effects.  No 
corrections  have  been  applied  for  the  effects  of  blocking,  turbulence, 
or  support-strut  interference.  At  relatively  large  angles  of  attack 
(above  about  20°)  the  vertical  tail  generally  was  in  the  wake  of  the 
support  strut;  hence,  data  dependent  principally  on  the  vertical-tail 
contribution  probably  are  unreliable  at  angles  of  attack  above  about  20°. 
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This  unreliability  is  particularly  true  for  data  obtained  with  fuselage 
F^,  and  therefore  these  data  are  not  presented. 

METHODS  OF  ANALYSIS 


The  results  of  the  present  investigation  are  analyzed  in  terms  of 
the  individual  contributions  of  the  various  parts  and  the  more  important 
interference  effects.  In  accordance  with  conventional  procedures  (for 
example,  see  reference  2)  the  static-lateral-stability  derivatives  of 
a  complete  airplane  can  be  expressed  as. 

(%)w  +  (%)v  +  Al%  +  A2%  (1) 


(Gn\|/)w  +  (Cn|)v  +  AlGn\|/  +  A2Gn^  ^ 


(%)w  +  (%)v  +  Al%  +  A2°^  (3) 

The  subscripts  F  and  W  refer  to  the  derivatives  of  the  isolated 
fuselage  and  of  the  isolated  wing,  respectively.  In  the  general  case, 
the  subscript  V  refers  to  the  contribution  of  the  vertical  tail  when 
mounted  on  the  fuselage  and  when  in  the  presence  of  the  horizontal  tail. 
The  present  tests  were  made  without  a  horizontal  tail,  since  the  effects 
of  various  horizontal-tail  sizes  and  locations  were  investigated  in 
reference  3.  In  the  present  paper,  therefore,  the  derivatives  with  the 
subscript  V  include  both  the  effectiveness  of  the  isolated  vertical 
tail  and  the  interference  of  the  fuselage. 

The  vertical-tail  contribution  can  be  expressed  analytically  as 
follows: 

(%)v  =  (°La)  V  sJJ  ^ 

Nv  =  “(CLa)v  ^  ^  ^ 


U) 

(5) 


%  =  N)f  + 

cn^  =  + 

%  =-  (%)f  + 
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N 


V 


zy  6V  •  \ bV 

—  cos  a - -  sin  a  — 

bW  bw  /SW 


(°La) 


(6) 


where  (CLa)y  elective  vertical-tail  lift-curve  slope  when  the 

model  is  at  zero  angle  of  attack,  and  rjy  and  are  correction 

factors  which  account  for  the  variation  in  tail  effectiveness  with  angle 
of  attack.  (A  similar  correction  to  C is  neglected  because  it  gen¬ 
erally  has  been  found  to  be  very  nearly  1.0.)  Equations  (k)  to  (6)  are 
similar  to  equations  given  in  reference  U,  except  that  in  the  reference 
the  factors  r)y  and  r]^  are  neglected.  The  results  of  the  present  tests 

are  used  for  evaluating  the  factors  r)j  and  and  the  effective  aspect 

ratio  Aeyj  corresponding  to  the  vertical-tail  lift-curve  slope  (CLa)v 

Perhaps  the  most  consistent  approach  to  the  problem  of  evaluating 
tail  effectiveness  would  involve  determination  of  Aey  corresponding 

t o  ^La)y  as  determined  from  equation  (U).  In  order  to  make  use  of 
such  values  of  Aey  in  the  calculation  of  and  effective, 

rather  than  geometric,  values  of  the  tail  length  hj  and  of  the  tail 
height  zy  also  would  have  to  be  known.  From  practical  considerations, 
it  has  seemed  most  convenient  to  assume  that  the  location  of  the  vertical- 
tail  center  of  pressure  is  given  accurately  by  the  geometric  lengths  iy 
and  zy.  Since  the  directional-stability  parameter  ^Cn^y  is  consid¬ 
ered  to  be  the  most  important  of  the  three  static-lateral-stability 
parameters,  values  of  Aey,  corresponding  to  (CLcc)v  as  determined  from 

equation  (£),  are  obtained  in  the  present  analysis.  The  reliability  of 
values  of  APtt  so  determined,  when  used  to  calculate  fCy  \  and  /C7  \  > 
eV  9  V  Vv  V  t/V 

is  checked  against  the  experimental  results. 


Since,  at  zero  angle  of  attack,  the  factor 
can  be  rewritten  as 


is  1.0,  equation  (5>) 


Values  of  Aey,  corresponding  to  (CLa)v>  ma^  stained  from  theory 
such  as  that  of  reference  A  correction  to  A ey  for  the  effect  of 
the  horizontal  tail  can  be  obtained  from  reference  3. 
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The  increments  prefixed  by  A]_  and  A2  express,  respectively,  the 

interference  of  the  wing-fuselage  combination  and  the  interference  of  the 
wing-fuselage  on  the  vertical-tail  effectiveness;  for  example, 

Ai% =  (%)  W+F  "  [(%)«  *  (%)rj 

and 


The  interference  increments  usually  are  assumed  to  apply  to  airplanes 
having  configurations  which  are  somewhat  similar  to  that  of  the  model 
used  in  evaluating  the  increments.  Of  the  various  factors  which  affect 
the  magnitudes  of  the  interference  increments,  the  height  of  the  wing, 
relative  to  the  center  line  of  the  fuselage,  previously  has  been  found 
to  be  one  of  the  most  important  (reference  2).  Since,  for  the  present 
investigation,  the  wing  was  located  on  the  center  line  of  the  fuselages, 
the  results  are  considered  applicable  only  to  midwing  or  near-midwing 
arrangements. 


RESULTS  AND  DISCUSSION 
Presentation  of  Results 


The  basic  data  obtained  in  this  investigation  are  presented  in 
figures  6  to  lU.  The  longitudinal  characteristics  of  the  wing  alone  and 
of  the  wing  with  slat  are  given  in  figure  6.  The  static-lateral-stability 
parameters  of  the  various  configurations  investigated  are  given  in  fig¬ 
ures  7  to  lli.  A  summary  of  the  configurations  investigated  and  of  the  - 
figures  that  give  data  for  these  configurations  is  given  in  table  IV. 

Most  of  the  remaining  figures  (figs.  1|3  to  30)  were  made  up  from  the 
data  of  figures  7  to  lU  and  present  the  data  in  a  form  more  suitable  for 
analysis. 


Wing  Characteristics 

The  longitudinal  aerodynamic  characteristics  of  the  wing  alone 
(fig.  6)  have  been  given  in  reference  3;  hence,  they  are  reviewed  only 
briefly  in  this  paper.  The  plain  wing  stalled  at  about  2U°  angle  of 
attack  (Cl  =  1.0)  and  showed  an  aerodynamic-center  position  of  0.23cty. 
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The  theory  of  reference  predicts  an  aerodynamic-center  position  of 
0.26c^.  Addition  of  the  0.08c^  slat  delayed  the  stall  to  about  26°  angle 

of  attack  (Cl  =  1.1)  but  had  no  appreciable  effect  on  the  position  of 
the  aerodynamic  center  at  low  angles  of  attack.  The  slat  caused  an 
appreciable  reduction  in  drag  at  angles  of  attack  greater  than  about  8°. 

Many  of  the  aerodynamic  parameters  of  a  complete  airplane  are 
dependent  to  some  extent  on  the  character  of  the  flow  over  the  wing;  hence , 
some  consideration  must  be  given  to  the  angle-of-attack  range  over  which 
flow  does  not  separate  from  the  wing.  As  pointed  out  in  reference  6,  an 
indication  of  the  limit  of  this  range  can  be  obtained  by  locating  the 

Qy2 

initial  break  in  the  plot  of  Cp  -  against  angle  of  attack.  A  plot 

nAW 

of  this  increment  for  the  plain  wing  and  for  the  wing  with  slat  is  given 
in  figure  l£.  The  figure  shows  breaks  in  the  curves  at  about  7*7°  and 
at  about  16°  for  the  wing  alone  and  for  the  wing  with  slat,  respectively. 
Corresponding  breaks  in  the  curves  of  the  aerodynamic  characteristics  of 
combinations  involving  the  wing  and  the  wing  with  slat  are  to  be  expected 
at  about  these  same  angles  of  attack. 

Investigations  involving  Reynolds  number  as  a  variable  have  shown 
that  for  smooth  wings  increases  in  Reynolds  number  tended  to  extend  the 
angle-of-attack  range  before  which  initial  breaks  occurred  in  plots  of 
aerodynamic  parameters  against  angle  of  attack.  For  this  reason  results 
obtained  for  configurations  with  slats  might  be  expected  to  be  somewhat 
similar  to  data  for  the  plain  wing  at  a  higher  Reynolds  number  than  the 
test  Reynolds  number. 


Fuselage  Characteristics 


The  important  characteristics  of  the  various  fuselages  are  sum¬ 
marized  in  figure  16.  In  general,  the  parameters  considered 

and  (Cn^p  varied  only  slightly  with  angle  of  attack,  and  therefore 

the  analysis  has  been  limited  to  characteristics  at  a  =  0°. 


In  order  that  the  results  obtained  may  be  applied  conveniently  to 
arbitrary  airplane  configurations,  coefficients  in  terms  of  fuselage 
dimensions  rather  than  wing  dimensions  are  needed.  This  manner  of 
expressing  the  coefficient  is  accomplished  by  plotting  the  quantities 


and 


VF 


against  fuselage  fineness  ratio. 


The 


quantities  plotted,  therefore,  are  effectively  a  lateral-force  coeffi¬ 
cient  based  on  fuselage  side  area  Ss  and  a  yawing -moment  coefficient 
based  on  fuselage  volume  Vp. 
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Comparisons  are  made  with  the  theory  presented  in  reference  7. 
Although  the  theory,  which  is  based  on  potential-flow  considerations, 
predicts  no  side  force,  the  experimental  results  show  a  positive  side 
force  which  increases  as  the  fineness  ratio  is  decreased.  The  variations 
in  fuselage  shape  considered,  for  a  constant  fineness  ratio,  have  a 
negligible  effect  on  the  value  of  a  lateral-force  coefficient  based  on 
fuselage  side  area. 

The  experimental  results  obtained  for  the  directional-stability 
parameter  ^cn^p  the  biconvex  fuselages  show  about  the  same  trend 

with  variation  in  fineness  ratio  as  that  predicted  by  theory,  although, 
quantitatively,  the  magnitude  is  only  about  two-thirds  of  that  predicted 
by  theory.  For  a  constant  fineness  ratio,  the  variations  in  fuselage 
shape  considered  produced  a  rather  large  change  in  the  magnitude  of  the 
directional-stability  parameter  based  on  fuselage  volume.  An  increase 
in  volume  near  the  fuselage  nose  increased  this  parameter;  whereas  an 
increase  in  volume  over  the  rear  half  of  the  fuselage  decreased  this 
parameter. 


Vertical-Tail  Effectiveness 

Effective  aspect  ratio.-  As  explained  in  the  section  entitled 

"Methods  of  Analysis,"  the  effective  aspect  ratio  of  the  vertical  tail 
is  obtained  by  calculating  the  tail  lift-curve  slope  from  experimental 
values  of  ^ ^n\|/) V  ant^  then  obtaining  the  corresponding  aspect  ratio 

from  a  theory  of  plain  wings.  The  theory  of  reference  $  has  been  used 
herein,  although  it  is  realized  that  a  swept  vertical  tail  represents 
an  unsymmetrical  configuration  to  which  the  theory  is  not  strictly 
applicable.  The  relationship,  given  by  reference  5,  between  lift-curve 
slope  and  aspect  ratio  for  wings  having  a  sweep  angle  of  U5°  and  a  taper 
ratio  of  0.6  is  reproduced  in  figure  1?.  The  results  of  the  effective- 
aspect-ratio  determinations  are  presented  in  figure  18  in  the  form  of 
the  ratio  Aey/Ay  plotted  against  by/Dp  for  a  =  0°.  The  quantity 

by/Dp  is  the  ratio  of  vertical-tail  span  to  the  fuselage  diameter  at  the 

longitudinal  location  of  the  vertical-tail  aerodynamic  center  and  is 
regarded  as  a  significant  parameter  for  determining  the  influence  of  the 
fuselage  on  the  vertical- tail  effectiveness.  An  average  curve  is  drawn 
through  the  data  obtained  with  the  tails  of  aspect  ratio  1.0;  and  another 
curve,  through  the  two  points  obtained  with  the  tails  of  aspect  ratio  2.0. 
The  fairing  of  the  average  curve  at  low  values  of  by/Dp  has  been  guided 

by  the  shape  of  the  calculated  curve  which  represents  reasonable  maximum 
values  of  A^Ay  for  given  values  of  by/Dp.  The  calculated  curve  was 

determined  by  an  equation  derived  on  the  assumption  that  the  fuselage 
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acts  as  an  infinite  end  plate  on  the  portion  of  the  vertical  tail  pro¬ 
truding  outside  the  fuselage.  The  equation  of  the  curve  is 

2/2  -  l\ 

Aey  =  \  °F  l  ^ 

Av  2  bv  _  1  -  H 

Dp  1  +  Xy 


A  reduction  in  area  (geometric  aspect  ratio  kept  constant)  of  vertical 
tails  attached  to  a  given  fuselage  resulted  in  an  increase  in  the 
effective  aspect  ratios  of  the  vertical  tails  for  the  range  of  tail 
size  investigated.  The  calculated  curve  indicates  that  for  smaller 
tails  the  opposite  would  be  true. 


The  experimental  data  show  that  the  ratio  Aey/A y  approaches  the 
value  1.0  as  by /Dp  becomes  large.  This  variation  is  to  be  expected 
since  an  increase  in  by/Dp  represents  a  decrease  in  the  size  of  the  end 


plate  relative  to  the  vertical  tail.  For  very  large  values  of  by/Dp, 

the  effective  and  geometric  aspect  ratios  should  be  approximately  equal. 
The  values  of  Aey/Ay  given  in  figure  18  depend  to  some  extent  on  the 


curve  of  C]ja 
The  values  of 


against 

A, 


A  from  which  the  values  of  A 


ey 


were  obtained* 


ey  might  have  been  slightly  different  had  some  variation 
of  with  A  other  than  that  of  reference  5  been  used.  The  data 

show  some  scatter  at  low  values  of  by/Dp;  this  scatter  indicates  that 
factors  other  than  by/Dp  enter  into  the  determination  of  Aey/Ay.  The 
vertical-tail  contributions  to  and  Cn^  at  a  =  0°  are  shown  in 

figure  19.  Also  shown  in  the  figure  are  calculated  curves  of  the  param¬ 
eters  as  determined  by  equations  (i|)  and  (5>)  and  the  use  of  average 


values  of  A 


ey 


to  determine 


Ratios  of  A( 


of  1.25  and  1.1*5 


y*  HC*  UJ.WU  '-'J-  X10y  ^Ay 

were  used  for  vertical  tails  having  geometric  aspect  ratios  of  1.0  and  -2.0, 
respectively.  The  fact  that  reasonably  good  agreement  between  the  cal¬ 
culated  curves  and  the  experimental  values  of  Cn^  was  obtained  is  of 

only  incidental  interest,  since  the  experimental  results  shown  were 
originally  used  to  determine  appropriate  values  of  the  ratio  Aey^Ay. 


The  scatter  of  the  experimental  points  is  indicative,  however,  of  the 
accuracy  that  might  be  expected  by  use  of  average  values  of  Aey^Ay  for 

arbitrary  arrangements.  The  agreement  between  the  calculated  and  experi¬ 
mental  values  of  (Cy,\y  also  is  reasonably  good.  Therefore,  the  values 
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of  calculated  from  increments  of  appear  to  be  usable 

for  predicting  with  reasonable  accuracy  at  least  for  the 

arrangements  investigated. 

The  vertical-tail  contribution  to  the  derivative  can  be 

separated  into  two  parts  as  given  by  the  two  terms  of  the  following 
equation: 


(%)v  -£  |Wv  -  ‘  -  %  |Wv  -  « 


For  small  angles  of  attack  the  equation  can  be  written  as 


ZV  SV  v  h  Sy,  \  a 

(CLa)v  by  SwVLa )v  by  Sy(  La)v  57.3 

The  first  part  of  the  equation  is 'the  increment  of  j  ^  at  a  =  0°, 

and  the  second  part  shows  that  the  variation  of 
given  by 

3(%)y  _  lj  Sy  (CLa)v 

3a  tyf  Sy  57.3 


t)v  with  a  is 


In  analyzing  the  contribution  of  the  vertical  tail  to  consid¬ 
eration  has  been  given  to  the  increment  of  at  zero  angle  of 


attack  and  the  rate  of  change  of 


K) 


with  angle  of  attack.  The 


experimental  and  calculated  results  for  both  of  these  effects  are  shown 
in  figure  20  to  be  in  fairly  good  agreement. 


Angle-of -attack  correction.-  In  the  preceding  section^  the  effective 
aspect  ratio  of  the  vertical  tail  mounted  on  the  fuselage  was  determined 
at  zero  angle  of  attack.  The  effects  of  variations  in  angle  of  attack 
are  now  evaluated  in  terms  of  the  correction  factors  to  the  vertical-tail 
contribution  to  Cy^  and  Cn^9  and  respectively. 


The  variation  of  the  factor  rjy  with  ragle  of  attack  is  shown  in 
figure  21  for  .three  values  of  the  ratio  Jv/bw.  each  case  an  average 

curve  is  drawn  through  the  data.  The  ratios  £y/tyj  and  Sy/Sy  seem  to 
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cause  no  appreciable  change  in  the  variation  of  py  with  a  for  values 
of  a  less  than  6°.  At  higher  angles  of  attack,  however,  both  iy/ by 

and  Sy/Sw  appear  to  affect  the  variation  of  T)y  with  a,  but  not 

enough  data  were  available  to  establish  a  definite  relation  between  the 
various  parameters.  The  effects  of  fuselage  shape  and  vertical-tail 
aspect  ratio  on  the  variation  of  rjy  with  a  are  shown  in  figure  22. 
Also  given  in  the  figure  is  the  average  curve  from  figure  21(b).  It  is 
seen  .that  the  curve  fits  the  data  reasonably  well  and  that  the  variations 
in  fuselage  shape  considered  have  very  little  effect  on  the  variation 
of  T]y  with  a.  Changes  in  vertical-tail  aspect  ratio  appear  to  have 
some  effect  on  the  variation  of  rjy  with  a;  nevertheless,  the  general 
trend  shown  by  the  average  curve  is  still  fairly  accurate. 

In  general,  it  appears  that  the  vertical-tail  contribution  to  Cy^, 

may  be  reduced  as  much  as  twenty  percent  as  the  angle  of  attack  is 
increased  from  0°  to  1$°  and  that  this  reduction  usually  increases 
rapidly  at  higher  angles  of  attack. 

The  variation  of  the  factor  t)jj  with  a  is  shown  in  figure  23  for 
several  values  of  anc^  Sy/S^.  Average  curves  are  drawn  through 

each  set  of  data.  At  low  angles  of  attack  the  area  ratio  Sy/Syj  appears 
to  have  a  negligible  effect  on  the  variation  of  rjjj  with  a;  however,  it 
does  have  a  large  effect  at  angles  of  attack  greater  than  about  8°  and 
the  effects  increase  with  an  increase  of  the  ^vAw  ratio.  Fuselage 
shape  and  vertical-tail  aspect  ratio  appear  to  have  some  effect  on  the 
variation  of  rjjj  with  a  (fig.  2ii),  but  the  effects  are  not  clearly 
defined  by  the  data.  In  general,  the  average  curve  of  figure  23(b)  fits 
the  data  of  figure  2\\  reasonably  well. 

Except  for  the  smallest  vertical  tail  (Vy),  the  tail  contributions 
to  Cn^  tend  to  show  a  smaller  decrease  with  angle  of  attack  than  had 

previously  been  noted  for  the  tail  contribution  to  Cy^. 


Interference  Effects 


Wing-fuselage  interference.-  The  lateral-stability  data  of  this 
investigation  were  used  to  determine  wing-fuselage  interference  increments 
by  the  procedure  explained  under  "Methods  of  Analysis."  The  increments 
are  presented  in  figure  2^  as  functions  of  the  angle  of  at-tack.  Both 
AfCy^  and  AyC^  show  large  variations  with  angle  of  attack  and  are  of 

large  magnitude  at  high  angles  of  attack.  The  increment  is  rather 

small  for  all  fuselage  shapes  investigated  and  tends  to  increase  slightly 
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the  directional  stability  of  the  wing-fuselage  combination  over  most  of 
the  angle-of-attack  range.  The  average  value  of  ApCn^  is  about  -0.0002 

up  to  16°  angle  of  attack. 

Wing-fuselage  interference  on  vertical-tail  eff ectiveness.- 

Increments  of  A2Cy^,  and  A2C£  are  shown  in  figures  26,  27, 

and  28,  respectively,  for  various  combinations  of  the  circular-arc  fuse¬ 
lages  and  the  vertical  tails  of  aspect  ratio  1.0.  The  data  are  divided 
into  groups  of  constant  ratio.  An  average  curve  was  drawn  through 

each  set  of  data.  In  general,  the  data  show  little  scatter  about  the 
faired  curves.  The  addition  of  the  wing  almost  invariably  reduced  the 
tail  contribution  to  the  directional  stability  for  the  arrangements 
investigated  (fig.  27).  The  effect  was  negligible  at  very  small  angles 
of  attack,  but  at  20°  angle  of  attack  a  value  of  A2Cn^  of  about  0.0020 

was  obtained  with  the  largest  fuselage  (F3).  The  large  interference 
effects  noted  at  high  angles  of  attack  probably  result  from  the  partially 
stalled  condition  of  the  wing  at  these  attitudes.  If  stalling  could  be 
avoided,  the  interference  effects  undoubtedly  would  be  considerably 
smaller . 


The  effects  of  fuselage  shape  on  the  increments  of  Cy^,  Cn^,  and 
caused  by  wing-fuselage  interference  on  the  vertical-tail  effective¬ 
ness  are  indicated  in  figure  29.  Also  given  in  the  figure  are  the  average 

curves  of  the  =  O.I16I4.  data  of  figures  26(b),  27(b),  and  28(b).  The 
bw 

figure  indicates  that  variations  in  fuselage  shapes  considered  have  little 
effect  on  the  interference  increments  and  that  the  average  curves  fit  the 
data  quite  well. 

A  comparison  is  given  in  figure  30  between  the  interference  increments 
^1°]^  and  A2Cn^  for  a  model  configuration  with  and  without  the  wing 

slat.  The  model  configuration  was  made  up  of  the  wing,  fuselage  F2,  and 
vertical  tail  V2.  The  increment  ApC^  for -both  configurations  varied 
erratically  with  angle  of  attack  and  indicated  no  definite  trends.  The 
increment  A2Cn^,  for  the  model  with  the  slat  was  larger  (more  positive) 

than  for  the  wing  without  the  slat  up  to  about  20°,  after  which  the 
opposite  was  true. 


It  should  be  pointed  out.  again  that  the  interference  increments  pre¬ 
sented  herein  can  be  expected  to  apply  fairly  accurately  only  to  midwing 
or  near-midwing  configurations  since  the  height  of  the  wing  relative  to 
the  fuselage  center  line  has  been  found  to  be  an  important  factor  in 
determining  interference  increments  (reference  2). 
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CONCLUSIONS 


The  results  of  an  investigation  to  determine  the  effects  of  vertical- 
tail  size  and  length  and  of  fuselage  shape  and  length  on  the  lateral  static 
stability  characteristics  of  a  model  with  a  U5°  sweptback  wing  indicate  the 
following  conclusions: 

1.  The  directional  instability  of  the  various  isolated  fuselages  was 
about  two-thirds  as  large  as  that  predicted  by  classical  theory. 

2.  A  reduction  in  area  (geometric  aspect  ratio  kept  constant)  of 
vertical  tails  attached  to  a  given  fuselage  resulted  in  an  increase  in 
the  effective  aspect  ratio  of  the  vertical  tails  for  the  range  of  tail 
sizes  considered.  Simple  analytical  considerations  indicate,  however, 
that  for  tail  sizes  below  the  range  investigated  the  opposite  effect 
would  be  expected. 

3.  For  the  fuselage-tail  combinations  investigated,  the  tail  effec¬ 
tiveness  usually  decreased  with  increasing  angle  of  attack,  with  the 
greatest  rate  of  decrease  occurring  at  angles  of  attack  greater  than 
about  16°. 

k.  The  wing-fuselage  interference  for  the  midwing  arrangements 
investigated  was  only  slightly  affected  by  the  shape  of  the  fuselage 
and  the  interference  tended  to  increase  slightly  the  directional  sta¬ 
bility  of  the  combinations. 

5>,  The  interference  effects  of  the  wing  tended  to  decrease  the 
vertical-tail  effectiveness,  particularly  at  high  angles  of  attack.  The 
large  effects  observed  were  attributed  to  a  partially  stalled  condition 
of  the  wing. 
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TABLE  I.-  COORDINATES  FOR  NACA  65A008  AIRFOIL 
[station  and  ordinates  in  percent  airfoil  chord 


Station 

Ordinate 

0 

0 

.50 

.62 

.75 

.75 

1.25 

.95 

2.50 

1.30 

5.o 

1.75 

7.5 

2.12 

10.0 

2.U3 

15 

2.93 

20 

3.30 

25 

3.59 

30 

3.79 

35 

3.93 

ko 

U.00 

U5 

3.99 

5o 

3.90 

55 

3.71 

60 

3.U6 

65 

3.1U 

70 

2.76 

75 

2.35 

80 

1.90 

85 

1.1*3 

90 

.96 

95 

.1*9 

100 

.02 

L.  E.  radius:  0.U08 

s  /l 

d/7 

Fuselage  1 

Fuselage  2 

Fuselage  3 

Fuselage  k 

Fuselage  5> 

0 

0 

0 

0 

0 

0 

.025 

.010 

.007 

.003 

.033 

.007 

.050 

.020 

.oil* 

.010 

.01*3 

.oil* 

.073 

.029 

.021 

.oil* 

.031* 

.021 

.100 

.037 

.027 

.018 

.060 

.027 

.125 

.ol*3 

.033 

.022 

.063 

.033 

.150 

.032 

.039 

.026 

.069 

.039 

.200' 

.063 

.01*8 

.032 

.07I* 

.01*8 

.230 

.076 

.037 

.038 

.073 

.037 

.30 

.083 

.063 

.01*2 

.073 

.063 

•  33 

.091 

.068 

.Ol|6 

.073 

.068 

.Uo 

.096 

.072 

.01*8 

.073 

.072 

.1*3 

.099 

.071* 

.01*9 

.073 

.071* 

•30 

.100 

.073 

.030 

.073 

.073 

.33 

.099 

.071* 

.01*9 

.071* 

.073 

.60 

.096 

.072 

.01*8 

.072 

.073 

.63 

.091 

.068 

.01*6 

.068 

.072 

.70 

.083 

.063 

.01*2 

.063 

.069 

.73 

.076 

.037 

.038 

.037 

.  066 

.80 

.063 

.01*8 

.032 

.01*8 

.062 

.83 

.032 

.039 

.026 

.039 

.037 

.90 

.037 

.027 

.018 

.027 

.031 

.93 

.020 

.Oil* 

.010 

.oil* 

.ol*3 

1.00 

0 

0 

0 

0 

.038 

\NACA^ 
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TABLE  III.-  PERTINENT  GEOMETRIC  CHARACTERISTICS  OF  MODEL 


.  i*.0 

.  0.6 

.  2*5 

.  0 

.  0 

.  65A008 

.  2.25 

.  3.00 

ft .  0.765 


Wing : 

Aspect  ratio,  Ay 
Taper  ratio,  Xy, 

Quarter-chord  sweep  angle,  Ay,  deg 
Dihedral  angle,  deg 
Twist,  deg 

NACA  airfoil  section 
Area,  Sy,  sq  ft 

Span,  by,  ft 
Mean  aerodynamic  chord 

Fuselage : 

Length,  ft  •  •  .  .  . 

Fineness  ratio  •  •  • 

Volume,  Vp,  cu  ft  .  . 

Tail  length,  iy,  ft  (all  tails)  . 
Tail-length  ratio,  £y/by, 

(all  tails)  . 

Side  area,  Ss,  sq  ft  . 

Vertical  tail: 

Aspect  ratio  . 

Taper  ratio  . 

Quarter-chord  sweep  angle, 

dee . . . 

NACA  airfoil  section  . 

Area,  Sy,  sq  ft . .  .  •  . 

Span,  by,  ft  . 

Mean  aerodynamic  chord, 

cy,  ft . . 

Area  ratio,  Sy/Sy  . 


Fl 

f2 

f3 

Fb 

f5 

2.50 

3.3U 

5.00 

3.3k 

3.3U 

5.oo 

6.67 

10.0 

6.67 

6.67 

0.267 

0.350 

0.526 

0. 1*1*8 

0.385 

l.ol* 

1.39 

2.09 

1.39 

1.39 

0.3U7 

0. 146U 

0.697 

0.1*61* 

.  0.1*61* 

0.833 

1.11 

1.67 

1.30 

1.25 

Vi 

v2 

v3 

Vl* 

v5 

1.0 

1.0 

1.0 

2.0 

2.0 

0.6 

0.6 

0.6 

0.6 

0.6 

2*5 

1*5 

1*5 

1*5 

•  1*5 

65A008 

65A008 

65A008 

65A008 

65A008 

0.169 

0.338 

0.506 

0.338 

0.675 

0.1*08 

0.583 

0.710 

0.825 

1.159 

0.1*17 

0.592 

0.725 

0.1*16 

0.592 

0.075 

0.150 

0.225 

0.150 

0.300 
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TABLE  IV.-  CONFIGURATIONS  INVESTIGATED 


Wing  off 

Wing  on 

Configuration 

Figure 

Configuration 

Figure 

(a) 

(a) 

W 

6,7 

Fl 

W  +  F], 

F1  +  V1 

W  +  Fx  +  V! 

8(a) 

9(a) 

Fi  +  v2 

W  +  Fx  +  V2 

Fi  +  V3 

W  +  Fx  +  V3 

f2 

8(b), 12 

W  +  Fo 

9(b), 13 

f2  +  vx 

8(b) 

W  +  F2  +  Vi 

9(b) 

F2  +  V2 

8(b) 

w  +  f2  +  v2 

9(b) 

F2  +  V3 

8(b) 

W  +  F2  +  V3 

9(b) 

f3 

w  +  f3 

f3  +  v1 

w  +  F3  +  vx 

8(c) 

9(c) 

F3  +  V 2 

W  +  F3  +  v2 

F3  +  V3 

W  +  F3  +  V3 

Fu 

10(a) 

W  +  FU 

10(b) 

Fh  +  V2 

W  +  F^  +  V2 

F5 

11(a) 

W  +  F^ 

11(b) 

Fcj  +  V2 

W  +  F^  +  V2 

F2  + 

12 

W  +  F2  +  Vj^ 

13 

f2  +  V5 

W  +  F2  +  v^ 

Ws 

6,7,11; 

ws  +  f2 

1U 
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aNotation(f or  details,  see  table  III  and  figs.  2  to  U): 
W  wingj  with  subscript  S,  wing  with  slat 

F  fuselage 

V  vertical  tail 
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Figure  2.-  Dimensions  of  vertical  tails  tested.  X  -  0.6;  . 

profile,  NACA  65AOO8.  All  dimensions  are  in  inches. 
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Figure  3.-  Dimensions  of  fuselages;  profile  ordinates  in  table  II.  All 

dimensions  are  in  inches. 


Figure  5*-  View  of  model  in  the  Langley  stability  tunnel. 


Figure  5.-  Concluded. 
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Figure  6.-  Aerodynamic  characteristics  of  the  wing. 
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Figure  7 • -  Static  lateral  stability  characteristics  of  the  wing. 
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(b)  Fuselage  2  (medium). 
Figure  8,-  Continued. 
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(a)  Fuselage  1  (short). 

Figure  9*-  Effect  of  vertical  tail  on  the  static  lateral  stability 
characteristics.  Wing  on)  Ay  =  1.0. 
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(c)  Fuselage  3  (long). 


Figure  9--  Concluded. 
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Figure  10.-  Concluded. 
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Figure  12.-  Effect  of  vertical  tail  on  the  static  lateral  stability 
characteristics.  Wing  off;  fuselage  2;  Ay  =  2.0. 
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Figure  13.-  Effect  of  vertical  tail  on  the  static  lateral  stability 
characteristics.  Wing  on;  fuselage  2;  Ay  =  2.0. 
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Effective  aspect  ratio  of  vertical  tails  as  influenced 
the  fuselage,  a  =  0°. 
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Figure  20.-  Effect  of  tail  area  and  length  on  the  vertical -tail  contri 


NACA  TN  2168 


O  □  O 


a*  ^ 


<U  -g 

fci  £ 


^5  .  * 

Ul^M- 

b  p - 

v  t' 
<0 

O  <o 

^5  - 

o  4 

JJ  O’ 

Cr  ^ 

P  S- 


^1T 

o 


Pc 


°o"o 

43 

»-  ^ 
X 


Pi  oo 


O  o  O 


M> 

N~  ~ 
Pi'  _ 

II 

nJ  ^ 

<~-l~Q 


Oi  ^ 

^  8 

PC 


00  Pr^ 
Q 


attack  correction  to  the  the  angle-of-attack  correction  to 

.  vertical -tail  contribution  the  vertical -tail  contribution 

to  Cy^.  Circular-arc  to  Cy.. 

■Pi  led  q  rr/^s  p  ’ 


NACA  -TN  2168 


53 


|  o  □  O 


^  £ 

igf 


«  C  H  OJ  OJ 

rH 

cO 

o  (M  4  io 

3  >  s?  > 

s  o  □  o 


^  <5> 


t$  H- 

£  & 

4-  va 

•^4  ^ 


O 


4? 


CQ  VO 


^  5s 

■VJ 


QO  ^ 


Figure  23*-  Effect  of  tail  area  Figure  2h.  -  Effect  of  fuselage  shape 

and  length  on  the  angle-of-  and  vertical-tail  aspect  ratio  on 

attack  correction  to  the  the  angle -of -attack  correction 

vertical -tail  contribution  to  the  vertical -tail  contribution 
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Figure  25.-  Variation  of  increments  of  Cy^,  Cn^,  and  caused  by 

wing-fuselage  interference  with  angle  of  attack. 
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Figure  26.-  Effect  of  the  tail  area  and  length  on  the  increment  of  Cy^ 

caused  hy  wing-fuselage  interference  on  vertical-tail  effectiveness. 
Circular-arc  fuselages. 


NACA  TN  2168 

.003 

.ooz 

Ai  Cn-y.oot 
0 

.  '001 

.ooz 

.00! 

AZCOy 

0 

-00/ 

0  4-  8  iZ  iC  ZO  Z4 

Angle  of  attack )  oc)  deg 

Figure  30.-  Effect  of  leading-edge  slat  on  interference  increments 
Fuselage  F£j  vertical  tail  V2. 
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